indicate either previous unvoiced consonant or an unstressed vowel, and (2) a rising Fo contour may indicate either a word-initial vowel, a pre-. ceding voiced consonant, or a stressed vowel.
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Introduction
Voicing of consonants cannot always be detected simply from whether or not the fundamental frequency (F0) contour is continuous, since at least some devices for tracking fundamental frequency do not yield continuous contours throughout consonants, and since phonemically unvoiced consonants are sometimes voiced, at least for their initial several centiseconds (Snow and Hughes, 1969; Lea, 1972, Ch. 4) . It has been suggested (Haggard, Ambler and Callow, 1970 ) that pitch is a voicing cue, in that voZ.ce fundamental frequency (Fo) will progressively increase in the beginnings of vowels after voiced consonants, while Fo starts high and progressively decreases following unvoiced consonants (cf. also Lehiste, 1970, p. 74 ).
The present study showed that the fall or rise of Fo is indicative of consonant voicing, but that the consonant and vowel identities, and the stress pattern, demand qualifications to the notion of pitch as a voicing al16.
The rising F o after voiced consonants was not expected to occur following voiced strident fricatives, (Haggard, Ambler, and Callow, 1970, p. 61(). Data given in this paper show no such differences between strident and nonstrident fricatives. (Chistovich, 1969) . Peak Fo in the vowel was generally 10 to 15% higher with surrounding unvoiced consonants than with surrounding voiced consonants. Effects of manner of consonant articulation on Fo values are shown in Figure 2 , where peak Fo in Hertz is plotted for each vowel, with consonants pooled into each manner class. Thus, unvoiced fricatives usually gave the highest peak Fo in vowels, especially when spoken by talker ASH, while, for some low vowels, talker GWH showed highest Fo in the environment of unvoiced stops. .Similar curves were obtained for initial F in the stressed vowels (Lea, 1972) , and for this limited data from two talkers, 98% of all stops and fricatives could be correctly categorized as unvoiced or voiced by a simple hypothesis that "if initial Fo in V 2 is greater than a threshold frequency (155 Hz for ASH, 157 for GWH), C 1 is unvoiced; otherwise it is voiced". No substantial dip occurs in medial nonvowel sonorants, for which F o generally rises steadily from Fo(V1), to F0(C1), to Fo(i), and to the peak value FF (V2) in the stressed vowel. Table I illustrates the reliability of detecting voicing /unvoicing from the values of eitherAF parameter. For example, the simple hypothesis that "a rise in F0 at vowel onset marks a preceding voiced consonant, and a fall marks an 'unvoiced consonant" would be correct for 95% of all consonants for ASH, and 90% for GWH, if "a rise" meant A5F>0 and "a fall" thatA5T60. Separation between unvoiced and voiced consonants by the size of any iNF is more reliable for '10F then fora?.
Thus, while the rise or fall of Fo after vowel V2 onset in [heCV2C) utterances is a good cue to the state of voicing of the prevocalic couzonant, it is not perfectly reliable.
The results showed a slight dependency of4iF parameters on the manner and place of consonant articulation, but considerably more data, for other talkers, would be needed to substantiate the slight trends indicated (Lea, 1972) .
Contrary to a conjecture set forth by Haggard, Ambler, and Callow (1970, p. 616 higher Fo values in stressed syllables was clearly evident. However, it was also evident that the individual talkerls mode of list reading (most specifically, his rising or falling contour) can affect relative Fo values in stressed and unstressed syllables. In all 120 words, talker ASH produced higher peak Fo in the stressed syllable than in the unstressed syllable of the word. No such simple distinction was made by talker GWH. This is evident in the scatter plots of Figure 3 , where peak Fo in the second vowel is plotted versus peak Fo in the first vowel. Pairs of peak Fo values cluster into two completely isolatable groups for ASH, corresponding to whether the first or the second vowel is stressed. Any straight line between those two clusters would separate V1 -V2 from V1 -V2 stress patterns with 100% accuracy. For talker GWH, the two groups overlapped some.
The peak value of fundamental frequency in the first vowel a2one separ- The above results agree with previous studies showing that Fo tends to be higher in stressed syllables. However, the effects of stress on the transitions in F at consonant-vowel and vowel-consonant boundaries are also of interest. Various hypotheses are listed in Table 2 which relate falling or rising Fo contours at vowel onset to the stress condition of the syllable, the voicing/unvoicing of preceding consonants, and the exceptional condition where vowel V1 is word-initial (as in aster, astir; etc.).
Published works that suggest that "pitch is a voicing cue" (Haggard, Ambler and Callow, 1970; Chistovich, 1969) , and the results with [hoCIC] utter ances, would suggest that voiced consonants are followed by rising Fo contours, while falling Fo contours follow unvoiced consonants. The simple "consonantal hypotheses," listed as hypotheses 1 and 2 in Table 4 , state these claims.
However, the data show that only about half of the falling [rising] contours result from unvoiced [voiced] consonants.
The one exception was with rising contours in second syllables. These were regularly associated with previous voiced consonants (in 100% of the syllables of ASH, and 84% of those of GWH).
Other hypotheses that weaken the implications of a rising Fo contour, (number 3) or that consider stress effects alone (numbers 4 and 5) are given in Table 4 
